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Water as a driver
of change

Introduction 

The “drivers of change” faced by our world and the human race act on scales
ranging from the global to the individual. In a previous Arup Journal, Simon
Roberts1 discussed the provision of energy to meet society’s demands as one of
these forces. His emphasis of the multi-faceted nature of the drivers and potential
changes associated with energy is also evident when considering water, and its
intricate relationship with systems across a range of scales. 

We live on a “blue planet”, the only one known to have extensive liquid water
resources. All life on Earth depends on its continued availability. It is only through
the presence of water that you, I, your family, our firm, our society, and our
environment can survive.

Peter Wilkie

Ever-increasing demands on the world’s limited water
resources will necessitate careful management.
Equitable distribution will depend on making choices
at an appropriate level.

The critical importance of water is shown by
considering the effects of some issues evident
around the world at present. 

Prolonged spells of low rainfall across regions of
Australia are resulting in water use restrictions to
domestic, commercial, industrial, and potentially
agricultural users. China’s cities face critical water
shortages and industrial pollution of water
resources. Drought conditions across north-east
Africa have devastated millions of livelihoods and
impacted the economies of Kenya, Ethiopia, and
Sudan. Falling groundwater levels across many
agricultural regions are reducing the viability of
farming. Thousands of people die each day in Asian
and African villages due to restricted access to
wholesome water. Increasing levels of micro-
contaminants such as pesticides and prescription
drugs are being monitored in rivers across Europe. 

These are just a few recent water-related
headlines. Water crises are evident around the
world in both developed and developing countries.
They appear inevitable - particularly given the
uncontrollable nature of weather systems - but most
water crises are not due to physical inadequacy of
resource, but instead result from inappropriate
choices made in managing available water qualities
and quantities. Water governance is thus the driver
of change that will increasingly affect society over
the forthcoming decades. Whilst there is equality
between the basic needs we all have for water,
access is significantly dissimilar.

Global access to water 

Professor Igor Shiklomanov of the State Hydrology
Institute, St Petersburg, Russia, has undertaken
extensive research into global water resources and
water balances2 (see Table 1). Of the total volume
of the Earth’s surface water, or hydrosphere, only
2.53% is fresh water, and less than 1% of
hydrosphere water is readily available for human use
from watercourses and groundwater. The rest is
stored as glaciers and permanent snow cover.

Global water distribution is not static, there being
a constant natural “flux” or transfer of water
between its locations and states; the continual
natural cycle of evaporation, precipitation, and
transport in liquid, solid, and gaseous states
provides mankind with the resource. The volumes of
water listed in Table 1 form a “snapshot” of global
distribution, but consideration needs to be given to
the rates of transfer between the various locations.
The most accessible resources are in rivers and
shallow groundwater, but if these were not
continually replenished they would soon be drained.

Table 1. Global water distribution.

Oceans 1 338 000 96.5 -

Groundwater (gravity and capillary) 24 000 1.7 

 Predominantly fresh groundwater  10 530 0.76 30.1

Soil moisture 16.5 0.001 0.05

Glaciers and permanent snow cover: 24 064 1.74 68.7

 Antarctica 21 600 1.56 61.7

 Greenland 2340 0.17 6.68

 Arctic islands 83.5 0.006 0.24

 Mountainous regions 40.6 0.003 0.12

Ground ice (permafrost) 300 0.022 0.86

Water in lakes: 176.4 0.013 -

 Fresh 91.0 0.007 0.26

 Salt 85.4 0.006 -

Marshes and swamps 11.5 0.0008 0.03

River water 2.12 0.0002 0.006

Biological water 1.12 0.0001 0.003

Water in the atmosphere 12.9 0.001 0.04

Total volume in the hydrosphere 1 386 000 100 -

Total fresh water 35 029.2 2.53 100

Volume
(1000km3)Water location

% of total volume
in hydrosphere

% of
fresh water
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The rates of replenishment therefore become a
critical consideration in determining the amount of
water available to us and the natural environment.

Authorities including Postel3 generally agree that
globally there is some 12 500km3 of accessible
runoff each year. This figure excludes remote areas
and flood flows from a total precipitation of 
44 800km3/year, and is thus the sustainable volume
of water available for use. 12 500km3/year equals
5190 litres/day of water for each of the world’s
6.6bn people. To put this figure in context, each
year an average of 660m3 (1808 litres/day) is
extracted for each European Union inhabitant4. 
The volume of water consumed every day by each
EU resident is 567 litres5. This analysis seems to
show sufficient water to meet the world’s demand,
but it is flawed.

Water’s very dynamic cycle of rain, runoff, and
evaporation, with enormous temporal and spatial
variations as well as variable quality, completely
governs its value to people and ecosystems, and
climate change trends seem to be increasing
evaporation rates and variability in rainfall and
runoff. This being so, annual average levels of water
availability, or consideration of large areas of
countries or continents, have little relevance to
gauging actual water scarcity and the range of
associated local issues. Both factors are addressed
later, and consideration must also be given to the
drivers that affect future water availability.

Drivers of water availability 

The total quantity of renewable water available for
use on Earth will remain relatively constant.
However, the pressures on it that result from
choices made by individuals and groups across
society will change significantly in the decades to
come. The ever-changing demands imposed on
water make it a driver of change. 

*(1) basically business as usual - a continuation of current policies and extrapolation of trends;
(2) private sector initiatives leading research and development, and globalization driving economic
growth, with the poorest countries left behind; (3) sustainable development, with an emphasis on
research and development in the poorest countries in relation to water resource availability.

The World Water Council’s publication “World Water Vision”6 considers three future
global scenarios* based on the following drivers:
• demographic: population structure, population growth, urbanization, pressures

for migration from developing to developed countries
• technological: information technology, biotechnology, water use efficiency, water

pollution, new drought/pest/salt-resistant crops, sanitation, desalination
• social: lifestyles and cultural preferences, poverty, economic inequality
• environmental: committed future climate change, water-related disease,

salinization, exhaustion and pollution of surface and groundwater, integrity and
health of aquatic ecosystems

• governance: institutions, legislation, market dominance, power structure,
conflicts, globalization. 

These indicate that whilst availability and use are of concern, a broad range of
factors affect the state of future water resources, each of which could form the
basis of an in-depth analysis to determine particular local implications and effects.
Whilst the results would vary greatly across the world, grouping the drivers into
larger categories can allow headline trends to be identified. The two key categories
that historically have had most impact on availability of water resources are
population growth and development (as measured by economic growth), and they
will continue to have the primary impact across most of the world.

Population growth

The current world population (December 2006) is estimated by the US Census
Bureau to be 6.56bn. Although rates of growth have fallen and are expected to
continue to fall, the number will continue to increase. A stabilized population may
be achieved in the future (Fig 2)7, but this will depend on future growth rates.

As the levels of water resources available to regions are generally static, 
a population increase will reduce the amount of water for each individual. 
This has evidently happened in the past, and will continue to be a significant trend
in the future. Population increases have resulted in available water supplies (per
person when calculated globally), decreasing by a third between 1970 and 1990. 

Individual countries demonstrate different population growth patterns. 96% of
projected growth is in developing countries. The population of Europe is now
declining, the pace of which is projected to double by 2010-2015. North America is
projected to continue growing by 1% annually, predominantly due to immigration.
As population increase is a driver of increased water stress, these figures are
important in identifying regions where impact on water resources may change. 

Development

As population growth results in increased water scarcity, this is compounded by
increasing water consumption as countries develop. Industrial development and
economic growth over the past 200 years have increased water consumption, and
this trend shows no sign of diminishing across Asia and South America. It is also
expected to become increasingly evident in Africa.
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2. Historic and projected world population figures.

Table 2.  Impacts of changing lifestyles.

Low-income 386 91 5 4

Middle-income 453 69 18 13

High-income 1167 39 47 14

Annual water withdrawals
per capita (m3)Country income group

Withdrawals by sector (%)

Agriculture Industry Domestic
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As well as the increased industrialization and
associated pollution increase that are evident in
much of the world, development within countries
brings lifestyle and cultural changes. Often these
involve an increase in the amount of water required
to support individual lifestyles (Table 28). 

Greater access to water supplies for individuals
and communities leads to the amount for domestic
use increasing from levels that are very low -
typically 15-20 litres/person/day - to much higher
consumption rates of over 100 litres/person/day,
depending on cost, availability, and education. 
The more significant impacts are from increased
land irrigation and industrial usage. 

Until now, industrial and agricultural development
has generally been undertaken with little regard for
water conservation, one consequence of which can
be seen in the 75% volume reduction since 1960 of
what was the world’s fourth largest lake, the Aral
Sea in Uzbekistan and Kazakhstan. Whilst there are
exceptions like Israel, which for political reasons has
implemented a rigorous water conservation
programme across all sectors, development is
closely tied to increased water consumption.

Harnessing water resources and making them
available is often an initiating factor in a region’s
development. In higher income countries,
technology can facilitate reductions in the amount of
water needed for industrial and domestic uses, but
these are usually small, and only play a role in local
management practices. Globally, water use for
agriculture remains inefficient due to high
investment costs, low charges for the water, and
historic issues relating to water rights.

Water stress 

Inadequate access to water of sufficient quality and
quantity to fulfil its needs makes a local population
“water insecure”. Many drivers, and choices made,
lead to water insecurity. It may result from external
drivers over which the local population has no
control, or from internal drivers that affect access 

to water. As already noted, it may be caused by increase in pressure on a constant
resource and/or a change in the amount of water available, as with the increased
difficulty in pumping groundwater in many places due to historic over-pumping
depleting a limited resource. To quantify and analyze the extents of water scarcity
and manage the impacts, “water stress” needs to be quantified. 

Calculating water stress

The most widely used measure is the Falkenmark Indicator (named after the
eminent Swedish hydrologist Marin Falkenmark), which takes 1700m3 of renewable
water resources per person per year (4658 litres/capita/day) as the minimum
threshold, based on estimates of water requirements in the household, agricultural,
industrial, and energy sectors, and the needs of the environment. 

Countries whose renewable water supplies are below 1700m3/capita/year are
said to experience water stress. When the available supply falls below
1000m3/capita/year (2740 litres/capita/day), a country experiences water scarcity,
and when below 500m3/capita/year (1370 litres/capita/day), absolute scarcity. The
premise is that if there is sufficient rainfall, river inflows, and groundwater inflows
from adjacent countries to provide 1700m3/person/year, this will satisfy all the
country’s water needs. 

This measure has major advantages, including simplicity of calculation and use,
but also considerable limitations, including: 
• The annual national averages hide important differences in water availability at

smaller scales.
• It does not take into account the availability of infrastructure to modify water

availability to users, nor political decisions that may restrict inflows.
• The simple thresholds do not reflect important variations in demand among

countries due to lifestyle, climate, agricultural technologies, etc.

Scales of analysis

The world’s available fresh water has been calculated, and areas identified that are
experiencing long-term water stress and scarcity (Fig 4)9. A range of factors relate
to the water balance, and Shiklomanov10 has calculated that 8% of the annual
renewable freshwater resources are now withdrawn each year. This is equivalent to
54% of accessible runoff now being appropriated by humans, indicating the severity
of the demands we are placing on the world’s limited water resources - demands
that will continue to increase in many parts of the world due to population growth,
increased consumption, and other drivers.

3. Ignoring water conservation leads to scarcity and stress.

4. Renewable water resources generated within a country per person.

<500 500 1000 1700 4000 10 000 (max 3.3M)

m3/cap/year
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Analysis of the global distribution of water resources and populations shows that
more than 2bn people are affected by shortages in over 40 countries around the
world, and it is predicted that by 2050 at least one in four people will be living in a
country affected by chronic or recurring freshwater shortages11.

The Water Stress Index (WSI) is a measure of the percentage of water demand
that cannot be satisfied without taking measures, but applying country-wide
analysis tools does not provide sufficient information to identify differences at local
levels. Examining the issues on a smaller local scale reveals a much different picture
in many countries, highlighting regions suffering acute stress and those that are not
so highly stressed. Key examples of this can be seen in India and Spain where
consideration on a national basis gives a WSI of between 50% and 75% (Fig 5)12, 
but at the higher resolution of analysis there are clearly areas of very low (0-25%)
and very high WSI (>75%) within the country (Fig 6)12. 

Where there is no choice

The analysis thus far has concentrated on data and facts. However, when
discussing the importance of water, each number has a face, and each statistic
relates to people. Where access to water is inadequate, either through physical
scarcity or mismanagement, hands are forced. There is no option to forego one of
the most fundamental needs we all have. There is no choice.

Maslow’s “hierarchy of needs” (Fig 7)13 is a psychological theory of motivation
based on the premise that as humans meet “basic needs”, they seek to satisfy
successively “higher needs” in a set hierarchy: humans must prioritize base needs,
and until the needs at one level are fulfilled, they will not be able to spend time or
resources on the next level. As one of the foundations of Maslow’s hierarchy, 

our physiological need for water - alongside oxygen,
food, rest, protection, and reproduction - render it a
compelling force. When resources becoming
limiting, humans will prioritize due to necessity, and
under pressure or stress higher-level needs (like
self-actualization or safety) will be compromised or
sacrificed to ensure the base-level needs are met. 

Water is thus a powerful motivator. Through
recognition of common need it can unite individuals
and communities, and act as a basis of society. 
It is therefore surprising that only in 2002 was the
human right to “sufficient, affordable, physically
accessible, safe and acceptable water for personal
and domestic uses” explicitly recognized in the
United Nation’s Covenant on Economic, Social and
Cultural Rights14. Water plays an essential role in
many of the other recognized human rights
including life, food, self-determination, adequate
standard of living, education, and health.

Water’s motivating power can make it a catalyst
for conflict and acts of self-interest. Whilst very few
regions of the world have insufficient available water
resources for domestic demands, it has an indirect
impact on many other basic needs. 70% of global
water use is in agriculture to provide food and
resources, 20% in industry. Insufficient water
resources to allow economic development or 
other regional objectives may therefore promote 
non co-operative responses to obtain access to
more water.

Where water stress is high, and there are no
options to increase the available supply, choices
need to be made as to what the available water will
be used for. This is discussed more in the following
section on managing water, but to allow informed
choices, decision-makers need to understand the
drivers operating at the level where those decisions
are being made. For this, education is needed.

Self-actualization
Pursue inner talent

Creativity | Fulfillment

Self-esteem
Achievement | Mastery
Recognition | Respect

Belonging - Love
Friends | Family | Spouse | Lover

Safety
Security | Stability | Freedom from fear

Physiological
Food | Water | Shelter | Warmth

5. Water Stress Index calculated on a countrywide basis.

6. Water Stress Index calculated on a 0.5˚ x 0.5˚ grid basis.

7. Maslow’s hierarchy of needs.

0-25 25-50 50-75 >75%

0-25 25-50 50-75 >75%
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Education can also empower communities and
organizations. Across many parts of the developing
world the burden of duties associated with
collecting water for domestic and agricultural use
falls upon women and children. 

Research shows that households in rural Africa
spend 26% of their time fetching water, and
generally women perform this duty15. They shoulder
a disproportionate burden in terms of time and
effort, and have no choice in the matter. 

By facilitating access to improved water supplies,
a vast resource of time can be freed for other more
productive uses including education and economic
diversification. Education allows the local conditions
to be understood by the participants, and as such
is fundamental to sustainable development. It allows
discussion on the drivers, variables, and factors that
can be changed, and on decisions about managing
water resources and the demands on them.

Although water is recognized by the UN as a
human right, extensive work still needs to be done
across the world to ensure that people have
choices - not to buy water from vendors at 10 times
the price paid in developed countries; not to feed
children water from polluted river beds that farm
animals drink from and excrete in, etc.

Choices in water management 

Sustainable use of water resources requires
management of supply and demand. In both,
choices must be made, and at levels appropriate to
allow consideration of the locally important drivers
and particular circumstances. The issue of scale is
critical in effective management.

Scales of water management

The management of water resources can be
considered on a range of scales: 
• Global: Water acts as a world conveyance

mechanism, with weather systems and ocean
currents moving water vapour around the world
and controlling precipitation levels. International
trade in agricultural and industrial products
shapes global water consumption patterns.
Global warming may lead to changes in
precipitation patterns, and in parts of the world
evidence is mounting that this is already starting
to occur. Changes to the temporal distribution of
rainfall can make significant changes to the
availability of the resource for use, with short
intense rain events often leading to flooding and
reducing the amount of storage possible.

• Continental: The world’s largest rivers cross
continents, with many countries drawing on their
waters. Sub-surface water resources are also
shared between countries, but these can be
harder to quantify and manage. 

• National. Here, water availability will shape land use and residential population
patterns. Most of the world’s largest cities are on their respective countries’ main
rivers for reasons of water supply, withdrawal for industry, waste disposal, and
transport. The relative abundance of water resources across a country will affect
agricultural productivity, and associated land values. 

• Provincial. At this level, particular water uses can be identified and thus
managed. There can be significant differences between adjacent provinces and
counties with regard to water availability and use. Large-scale water transfer may
be possible from water-rich regions to others through storage in dams, pumping,
or the use of gravity pipelines and natural watercourses. Local geography will
play an important role in affecting precipitation patterns.

• Local. Here there is a multitude of differences between water users. Reduced
availability will have a particular effect and local economic productivity will be
governed by access. Here we will see the impact of communities, industry and
agriculture on ecosystem quality and it is at this level that it can be most
effectively managed. For sustainable resource management, water resources
need to be “owned” at this level. This need not be material ownership, but it is
essential that the interrelationship between water resources and the actions of
the local communities are understood by all, as this will lead to responsible use
and management of demand.

• Personal. When water is considered at a personal level, its importance both
physically and culturally becomes critical, as discussed previously.

8. Research shows that households in rural Africa spend 26% of their time fetching water,
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